Removal of organic micropollutants from wastewater during secondary treatment 15 followed by reverse osmosis and UV disinfection was evaluated by a combination of four 16 
Introduction 35
and is given in the ESM, Table S2 . In addition, a laboratory blank (LB) and a field blank 188 (FB) were made up of ultrapure water. 189 190
Sampling and sample preparation 191
The water samples were collected in amber glass bottles and preserved with 0.1% sodium 192 thiosulphate and concentrated hydrochloric acid to pH 2. 
Chemical analysis 214
Water samples were analyzed using GC/MS-MS and LC/MS-MS at Queensland Health 215 Forensic Scientific Services and at the Curtin Water Quality Research Centre (CWQRC). 216
A total of 299 chemicals were analyzed between the two laboratories. More details on the 217 sample preparation for chemical analysis and analytical methods are given in the ESM 218 Data, Section S1. 219 220
Designed iceberg mixtures 221
Detected chemicals were mixed in the ratios of concentrations found (ESM , Table S3 ). 222
The detected chemicals were clustered in six groups: endocrine disrupting compounds 223 (EDCs), antibiotics, X-ray contrast media (XRCs), pesticides (including transformation 224 products), pharmaceuticals (excluding antibiotics but including personal care products 225 such as triclosan and consumer products such as coffeine) and "others" (ESM , Table S3) . 226
In addition, the individual chemical group mixtures were mixed according to the 227 contributing fraction into one mixture comprising all detected chemicals termed as
Bioanalytical assessment 231
All bioassays were previously applied and characteristics of the bioassays and literature 232 references for the methods are given in Table 1 The reference compounds and the associated BEQ for each bioassay are defined in Table  245 1. The limits of detection were derived by translating the effect of three times the 246 standard deviation of the controls into the corresponding BEQ values (Table 1) . 247 248 3 Results and Discussion 250
Chemical analysis 251
A total of 299 chemicals were analyzed in the water samples, of which 172 were included 252 in the AGWR (ESM, Figure S1 ). In the paper, we focus the discussion on the regulated 253 chemicals (ESM , Table S3 ), while results on additional non-regulated chemicals are 254 compiled in the ESM, Table S4 . The highest number of chemicals were detected in 255 WWTP influent, WWTP effluent, post UF and mixing tank (50, 50, 49, 50, respectively, 256 ESM, Figure S1 ). The concentrations of chemicals in the WWTP influent were typically 257 higher than in WWTP effluent, although due to the higher LOD in the WWTP influent 258 sample, some chemicals were not detected in the WWTP influent but found in the 259 WWTP effluent. UF did not reduce concentrations of chemicals. Instead, RO was found 260 to be a very effective removal process and only five chemicals were detected in the post 261 RO sample however, no chemicals were detected post-UV disinfection. In the post RO 262 sample, low levels of the anticorrosive chemical tolytriazole, the plasticizer bisphenol A, 263 the pharmaceutical triclosan and the pesticides MCPA and the pesticide degradation 264 product 3,4-dichloroaniline were detected. Tolytriazole (Busetti et al. 2013, Loi et al. 265 2013) and bisphenol A (Water Corporation 2013) were detected in previous monitoring 266 programs but triclosan and the pesticides MCPA and 3,4-dichloraniline were detected in 267 post RO water for the first time in this AWRP. No chemicals were detected in the post 268 UV water sample. 269
The chemicals' concentrations in post RO and post UV samples were below thecomparison, the GVs are indicated in Figure 2 by black bars. If at all, the concentrations 272 exceeded the GVs for recycled water only in WWTP influent or RO reject. Exceptions 273 were the pesticide MCPA, which exceeded the GV prior to the RO treatment but was two 274 orders of magnitude below the GV in RO water, and resulted below detection in the post 275 UV sample. Diatrizoic acid was also above GV up to the mixing tank but was below 276 detection after RO. 277
The majority of detected chemicals fell into the group of pharmaceuticals with 34 278 out of 44 analyzed pharmaceuticals being detected in at least one sample ( In a previous study, clofibric acid, diazepam and naproxen had been occasionally 291 detected but in less than 25% of the samples (Linge et al. 2012) . 292
Of the EDCs, mainly xenoestrogens were quantified in this study as the previous 293 monitoring had shown that the estrogens ethinyl estradiol, 17-estradiol and estrone were 294 always below detection (Van Buynder et al. 2009 ). In the present study, estrone levels of 295 5 ng/L in the WWTP effluent fell below detection limit thereafter. The surfactant 4-t-296 octylphenol was only detected in the WWTP influent. The plasticizer bisphenol A was 297 also detected in the blanks. The concentrations of bisphenol A listed in the ESM, Table  298 S3 represent the measured values minus the blank value and are therefore of high 299 uncertainty but positive detections are consistent with previous work (Van Buynder et al. 300 2009) . 301
Antibiotics were grouped separately from the pharmaceuticals because they are 302 relevant for the formation of resistant bacterial strains. Secondary treatment greatly 303 reduced the concentration of antibiotics with only erythromycin and sulfamethoxazole 304 detected in the WWTP effluent. Concentrations remained stable during the first steps of 305 the AWRP but RO efficiently rejected all antibiotics, which is again consistent with 306 previous work (Linge et al. 2012 , Busetti et al. 2013 . 307
XRCs are good indicator compounds as they are frequently detected in fairly 308 constant concentrations up to UF but are well removed by RO (Busetti et al. 2010) , which 309 was confirmed in the present study (Figure 2) . 310
Pesticides were generally well removed during treatment with only MCPA and 311 3,4-dichloraniline detected at very low levels. MCPA was detected at 50 times higher 312 concentration in the WWTP effluent than in previous work, therefore it is not astonishing 313 that it was detected post RO in the present study, and not previously (Rodriguez et al.2012 , Busetti et al. 2013 . Concentrations in WWTP effluent were similar to previous 315 work for atrazine, 2,4-dichlorophenoxyacetic acid and simazine (Rodriguez et al. 2012) . 316
The group of compounds called "others" was comprised of benzothiazoles, 317 fragrance chemicals and flame retardants. 5-Methyl-1H-benzotriazole ( 
Bioanalytical assessment 330
The highest effect levels in all bioassays were observed in the WWTP influent and RO 331 reject samples, the effects decreased along treatment train (Table 2) . Apart from 332
Microtox, effects were below detection limits post RO and post UV disinfection. 333
For the non-specific toxicity, the baseline-TEQ decreased from 26 mg/L in WWTP 334 influent to 9 mg/L after secondary treatment (WWTP effluent). The levels remained low 335 at 5 -6 mg/L after ultrafiltration (post UF) and in the mixing tank between UF and RO.
The baseline-TEQ was further reduced to less than 1 mg/L post RO and post UV to levels 337 as low as the blanks (Table 2) . These levels were similar to what was observed previously 338 in this plant (Leusch et al. 2014a ) (ESM, Figure S2A ) and in another Australian AWRP 339 (Macova et al. 2011 , Escher et al. 2014a , Tang and Escher 2014 , which uses the same 340 treatment processes (ESM, Figure S3A ). 341
A consistent trend was observed in the PSII inhibition endpoint, the highest diuron 342 equivalent concentration (DEQ) was observed in RO reject (0.09 g/L) and the DEQ 343 decreased along the treatment train from 0.07 g/L in WWTP influent to 0.03 g/L in 344 WWTP effluent and 0.02 g/L post UF and mixing tank ( Table 2 ). The DEQs in post RO 345 and post UV were below the detection limit of 0.004 g/L. The EC were very similar to 346 previous work (Leusch et al. 2014a ) (ESM, Figure S2B ), although in the previous study 347 EC20 not EC50 were measured and the DEQ levels were much lower than in another 348 AWRP (Tang and Escher 2014) but the removal efficiency by reverse osmosis was again 349 similar (ESM, Figure S3B ). 350
The umuC genotoxicity assay only gave responses when metabolism was not 351 activated with metabolic enzymes. The only sample that was active after metabolic 352 activation by rat liver S9 was the WWTP influent with a 2AAEQ of 2 µg/L. The results 353 for 2AAEQs were therefore omitted from Table 2 as they were mainly non-detects. 354 Without metabolic activation, the highest response in the umuC assay was found in 355 WWTP influent and reject with a 4NQOEQ of 0.6 g/L ( Table 2 ). The 4NQOEQ levels 356 decreased along the treatment train and were below the detection limit of 0.1 g/L in post 357 AWRP (Leusch et al. 2014a) showed again consistent results (ESM, Figure S2C) , 359 although the secondary effluent still showed an effect after metabolic activation in the 360 previous work while it was below detection limit in the present study. 361
For the oxidative stress response, the highest tBHQ equivalent concentration 362 (tBHQEQ) was observed in the RO reject sample at 73 g/L ( Table 2 were slightly higher but in the same range as the blanks (ESM, Figure S3C ). 368 369
Contribution of known chemicals to the observed biological effects 370
The iceberg mixtures explained less than 3% of the observed cytotoxicity ( Figure 3A and 371 Table 3 ). A smaller fraction of effect could be explained for WWTP influent as compared 372 to the samples along the AWRP treatment train ( Figure 3A ) and the fraction explained 373
was not related to the number of chemicals detected (ESM, Figure S1 ). The fraction 374 explained in WWTP effluent was similar to previous work (Tang et al. 2013 ), but larger 375 fractions than in previous work were explained in the other samples ( Figure 3A) . 376
In contrast, the photosynthesis inhibition was higher in the iceberg mixtures than 377 in the samples ( Figure 3B and Table 3 ), which indicates that PSII-herbicides dominate 378 the mixture effects toward algae, which had previously been confirmed for similar typesiceberg mixtures can be rationalized by the fact that the chemical analysis was corrected 381 for SPE recovery while for the bioassays the composition of the samples is unknown and 382 one cannot correct for SPE recovery. While SPE recovery of pesticides is typically close 383 to 100% (Escher et al. 2014b) , any recovery lower than 100% will cause the effect of the 384 icebergs appear to be higher than of the extracted samples. 385
The detected chemicals explained only 0.04% to 0.7% of the observed oxidative 386 stress response ( Figure 3C and Table 3 ), which was in the same order of magnitude as 387 previous work (Escher et al. 2013) . Interestingly the WWTP influent was an outlier with 388 an unusual high fraction explained (0.7%), while for the cytotoxicity assay there was a 389 remarkably low fraction explained (0.2%). This observation is presumably an artifact as 390 the WWTP influent also had a high organic matter content and the detection limits of 391 individual chemicals were higher, so that in some cases chemicals were below the LOD 392 even though they were present in the WWTP effluent (ESM, Figure S1 and Table S3 ). 393
Overall, the fraction of BEQ explained by known chemicals was generally higher 394 in this study that in the previous study (empty diamonds in Figure 3 ). This can be 395 explained by the fact that a higher number of chemicals were quantified in the present 396 study than in the previous studies (Escher et al. 2013 , Tang et al. 2013 ) and is likely not 397 related to a different composition of the water samples. 398 399
Contribution of individual chemical groups to the overall iceberg mixtures
All individual chemical groups were tested in all bioassays. Positive responses were 401 found only in the assays for cytotoxicity, photosynthesis inhibition and oxidative stress 402 response and there was no response in the genotoxicity assay (Table 2) . 403 Figure 4A ). This is consistent with the general notion that many 411 pesticides are more recalcitrant towards secondary treatment than many pharmaceuticals. 412
Of the other four chemical groups only the EDCs had a minor contribution of 3% in the 413 WWTP influent and 12% in the RO reject (Table 2) . Post RO the BEQ levels were very 414 low with pharmaceuticals and others dominating the BEQ. 415
As expected, the group of pesticides dominated the overall DEQ quantified in the 416 photosynthesis inhibition assay. Antibiotics contributed only 1% to the DEQ in the 417 WWTP influent but were below detection limit thereafter. Pharmaceuticals contributed 418 between 0.3% and 1.8% to the DEQ. Post RO, no photosynthesis inhibition was detected. 419
In the RO reject the pharmaceuticals had a nominal contribution, which must be an 420 artifact of the mixture calculations, which are extrapolations, as the iceberg mixture itself 421 was not active. 422 Although a total of 299 chemicals were screened and a higher fraction of 446 biological effect could be explained than in previous studies (Escher et al. 2013 , Tang et 447 al. 2013 , the detected chemicals explained less than 3% of cytotoxicity and less than 1% 448 of oxidative stress response. As in earlier work (Tang and Escher 2014), all responsible 449 chemicals for photosynthesis inhibition were included in the analytical target list. This 450 finding can be rationalized by the fact that pesticides explained the majority of this effect, 451 which does not come unexpected because the pesticide group contained several highly 452 potent photosynthesis inhibitors such as diuron, hexazinone and simazine (ESM, Table  453 S3). What was even more interesting is the novel finding that pesticides were also 454 responsible for around two third of the effects of the iceberg mixtures in the cytotoxicity 455 and oxidative stress response assays. Thus it appears that in addition to a focus on 456 n.t. n.t. 
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